09/913791 

PATENT APPLICATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 
Nobuhiko KENMOCHI 

Application No.: U.S. National Stage of PCT/JPOO/08980 

Filed: August 16, 2001 Docket No.: 110215 

For: NONRECURSIVE DIGITAL FILTER AND RADIO RECEIVING UNIT USING 
THE SAME 

PRKT JM1NARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE DRAWINGS : 

Please amend Figure 4 as set forth in the attached Request for Approval of Drawing 

Corrections. 

IN THE ABSTRACT : 

Please replace the Abstract with the Substitute Abstract attached hereto. 
IN THE SPECIFICATION : 

Please replace the specification with the Substitute Specification attached hereto. 

IN THE CLAIMS : 

Please replace claims 1-6 as follows: 

1 . (Amended) A nonrecursive digital filter, comprising: 

an n-stage shift register that sequentially shifts input data having a 
predetermined number n of bits, and in which an output of each output stage of the shift 
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register is multiplied by a filter coefficient and added, the n-stage shift register being divided 
into a plurality of shift registers, and each divided shift register being time-divisionally driven 
in synchronization with the input data. 

2. (Amended) A nonrecursive digital filter, comprising: 

an n-stage shift register that sequentially shifts input data having a 
predetermined number n of bits, and in which an output of each output stage of the shift 
register is multiplied by a filter coefficient and added, the n-stage shift register being divided 
into first and second shift registers each having n/2 stages, one of the first and second shift 
registers performing a shift operation at a rising edge of a shift clock, and the other of the first 
and second shift registers performing a shift operation at a falling edge of the shift clock. 

3. (Amended) A nonrecursive digital filter, comprising: 

an h-stage shift register that sequentially shifts input data having a 
predetennined number n of bits, and in which the output of each output stage of the shift 
register is multiplied by a filter coefficient and added, and including: 

first and second shift registers to which a spreading-code sequence is input 
and a shift clock is inputted, each having n/2 stages obtained by dividing the n-stage shift 
register; 

a reference-code register that stores n reference codes; 

first and second selection devices that select and output odd-numbered 
stages and even-numbered stages of the reference-code register according to the shift clock; 

a first multiplication device that multiplies an output of each stage of the 
first shift register by the output of the first selection device; 

a second multiplication device that multiplies an output of each stage of the 
second shift register by the output of the second selection device; and 

a correlation-strength calculation device that adds multiplication results of 
the first multiplication device and the second multiplication device to output a correlation 
strength; 

wherein the first and second shift registers are configured such that either 
one of the first and second shift registers performs a shift operation at a rising edge of the 
shift clock and the other performs a shift operation at a falling edge of the shift clock; and 

wherein the first and second selection devices are configured such that, when 
the shift clock is in an ON state, one of the first and second selection devices outputs even- 
numbered stages of the reference-code register to the first multiplication device and the other 
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of the first and second selection devices outputs odd-numbered stages to the second 
multiplication device, and when the shift clock is in an OFF state, the one of the first and 
second selection devices outputs the odd-numbered stages of the reference-code register to 
the first multiplication device and the other of the first and second selection devices outputs 
the even-numbered stages to the second multiplication device. 

4. (Amended) The nonrecursive digital filter according to Claim 3, the first 
and second selection devices being formed of multiplexers, each being disposed for two 
stages of the reference-code register and selecting the odd-numbered stages and even- 
numbered stages thereof; the first and second multiplication devices being formed of 
exclusive-OR circuits; and the correlation-strength calculation device being formed of an 
adder. 

5. (Amended) A radio communication unit employing a CDMA method for 
performing operations, including path synchronization holding, when receiving a spread- 
spectrum RF signal from a base station, comprising: 

an RF receiving section that converts a received RF signal into a base-band 

signal; 

a correlation section that holds an input digital signal, that holds a spreading 
code as a reference code, and that performs inverse spectrum conversion while calculating a 
correlation therebetween, to output received data; and 

a base-band demodulation section that demodulates the received data; 

wherein an input side of one of the correlation section and the base-band 
demodulation section being connected to the RF receiving section, and an output side thereof 
being connected to the other of the correlation section and the base-band demodulation 
section; and 

wherein the correlation section includes a matched filter formed of the 
nonrecursive digital filter according to Claim 1. 

6. (Amended) A radio communication unit for transmitting information data in 

packets by a spread spectrum communication method, which directly performs spreading, in a 
radio local-area network formed with another radio communication terminal, comprising: 

an RF receiving section that converts received information data into a base- 
band signal; 
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a correlation section that holds an input digital signal, that holds a spreading 
code as a reference code, and that performs inverse spectrum conversion while calculating a 
correlation therebetween, to output received data; 

a base-band demodulation section that demodulates the received data; and 
a packet processing section that performs packet processing according to the 

received data; 

wherein an input side of one of the correlation section and the base-band 
demodulation section is connected to the RF receiving section and the output side thereof is 
connected to the other of the correlation section and the base-band demodulation section; 

wherein an output side thereof is connected to the packet processing section; 

and 

wherein the correlation section includes a matched filter formed of the 
nonrecursive digital filter according to Claim 1 . 

REMARKS 

Claims 1-6 are pending. By this Preliminary Amendment, the drawings, specification, 
Abstract and claims 1-6 are amended. The specification is replaced with the attached 
Substitute Specification. A marked-up copy of the specification is also attached showing the 
revisions made thereto. No new matter is added. 

The attached Appendix includes marked-up copies of the substitute specification 
(37 C.F.R. §1. 125(b)(2))" and each claim (37 C.F.R. §1.121(c)(l)(ii)). 
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ABSTRACT 

In accordance with the invention, in a nonrecursive digital filter, the number of times 
each bit of input data passes through a shift register is reduced to save power. Despreading 
data is sent to a first shift register and a second shift register, each having a number of stages 
obtained by dividing the usual number of stages by two, and both shift registers alternately 
perform a shift operation at both edges of a shift clock. Multiplexers are provided for 
selecting the odd-numbered codes of reference codes stored in a reference-code register when 
the shift clock is in an OFF state and for selecting the even-numbered codes when the shift 
clock is in an ON state, and multiplexers are provided that perform the selections analogous 
to the above. The exclusive-OR output of the output of each stage of the first shift register 
and the outputs of the multiplexers, and the exclusive-OR output of the output of each stage 
of the second shift register, and the outputs of the multiplexers are added by the adder to 
obtain a correlation-strength output. 
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Changes to Abstract: 

The following is a marked-up version of the amended Abstract: 
In accordance with the invention, in a nonrecursive digital filter, the number of times 
each bit of input data passes through a shift register is reduced to save power. 

__Despreading data is sent to a first shift register 34r-and a second shift register, 22-each 

having a number of stages obtained by dividing the usual number of stages by two, and both 
shift registers alternately perform a shift operation at both edges of a shift clock-GK. 
Multiplexers MF1 1 to MP1 4 are provided for selecting the odd-numbered codes of reference 
codes stored in a reference-code register 23-when the shift clock GK-is in an OFF state and 
for selecting the even-numbered codes when the shift clock GKr-is in an ON state, and 
multiplexers MP21 to MP2 4 are provided thatfef perform_m^the selections analogous to the 
above. The exclusive-OR output of the output of each stage of the first shift register QA-and 
the outputs of the multiplexer MP11 to MP11, and the exclusive-OR output of the output of 
each stage of the second shift register, 22-and the outputs of the multiplexers MP21 to MP2 4 
are added by the adder QS~to obtain a correlation-strength output. 

Changes to Specification: 

A Substitute Specification is attached in accordance with 37 C.F.R, 1.125(b)(2). 

Changes to Claims: 

The following are marked-up versions of the amended claims: 

1 ■ (Amended) A nonrecursive digital filter., comnrising; w hich ha s 

an n-stage shift register thatfe* sequentially shiftsmg input data having a 

predetermined number n of bits, and in which anthe output of each output stage of the shift 
register is multiplied by a filter coefficient and added, characterized in that the n-stage shift 
register beingis divided into a plurality of shift registers, and each divided shift register 
beingis time-divisionally driven in synchronization with the input data. 
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2. (Amended) A nonrecursive digital filter^ comprising: which has 

an n-stage shift register that&f sequentially shiftsing input data having a 

predetermined number n of bits i and in which antke output of each output stage of the shift 
register is multiplied by a filter coefficient and added, characterized in tha t the n-stage shift 
register bejngis divided into first and second shift registers each having n/2 stages, aad-one of 
the first and second shift registers performings a shift operation at a rising edge of a shift 
clocks and the other of the first and second shift registers p erformings a shift operation at a 
falling edge of the shift clock. 

3. (Amended) A nonrecursive digital filter^ comprisinar w hich has 

an n-stage shift register thatfer- sequentially shiftsing input data having a 

predetermined number n of bits a and in which the output of each output stage of the shift 
register is multiplied by a filter coefficient and added, and includin g characteriz e d by 
comprising : 

first and second shift registers to which a spreading-code sequence is input 

and a shift clock is inputted, each having n/2 stages obtained by dividing the n-stage shift 
register; 

a reference-code register thatfef storesstering n reference codes; 

first and second selection devicesm eans thatf er selec t selecting and 

output output ti ng the-odd-numbered stages and even-numbered stages of the reference-code 
register according to the shift clock; 

a_first multiplication device that mean s for multipliesying anthe output of 

each stage of the first shift register by the output of the first selection devicem eans: 

asecond multiplication deviceffl eans tbat fer multiplies^ing amke output of 

each stage of the second shift register by the output of the second selection device means: and 

a^correlation-strength calculation device tha t m e an s for add s adding the 

multiplication results of the first multiplication devicem eans and the second multiplication 
devicetneans to output a correlation strength; and characterized in that 

wherein the first and second shift registers are configured such that either 

one of the first and second shift fetristerst hem performs a shift operation at a rising edge of 
the shift clock and the other performs a shift operation at a falling edge of the shift clock; and 

wherein t he first and second selection devices are moans is configured such 

that, when the shift clock is in an ON state, either one of the first and second selection 
devicesthem outputs the-even-numbered stages of the reference-code register to the first 
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multiplication deviceffl eafts and the other of the first and second selection devices outputs the 
odd-numbered stages to the second multiplication devicem eans. and when the shift clock is in 
an OFF state, the either-one of the first and second selection devicest hem outputs the odd- 
numbered stages of the reference-code register to the first multiplication devicem eans and the 
other of the first and second selection devices outputs the even-numbered stages to the second 
multiplication devicem eans. 

4. (Amended) TheA nonrecursive digital filter according to Claim 3, 

charact e rized in that t he first and second selection devicesm eans being is formed of 
multiplexers,, each being disposed for two stages of the reference-code register and selecting 
the odd-numbered stages and even-numbered stages thereof; the first and second 
multiplication devices being m eans is formed of exclusive-OR circuits; and the correlation- 
strength calculation device being m eans is formed of an adder. 

5. (Amended) A radio communication unit employing a CDMA method for 

performing operations, including path synchronization holding, when receiving a spread- 
spectrum RF signal from a base station, characterized by comprising: 

an RF receiving section that converts for conv e rting a received RF signal into 

a base-band signal; 

- a correlation section that holds for holding an input digital signal, that 

holdsfor holding a spreading code as a reference code, and that performs for performing 
inverse spectrum conversion while calculating a correlation therebetween, to output received 
data; and 

a base-band demodulation section that demodulates for demodiilntinp the 

received data; 

wherein an and charact e riz e d in thnt th n input side of one of the correlation 

section and the base-band demodulation section beingis connected to the RF receiving 
section and anthe output side thereof beingi s connected to the othe r of the correlation section 
and the base-band demodulation section: and 

wherein the correlation section includes a matched filter formed of thea 

nonrecursive digital filter according to Ciaim on e of Claim s l-ie~4. 

6 - (Amended) A radio communication unit for transmitting information data in 

packets by a spread spectrum communication method, which directly performs spreading, in a 
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radio local-area network formed with another radio communication terminal, charact e riz e d by 
comprising: 

_an RF receiving section that converts for converting received information 

data into a base-band signal; 

a correlation section that holds for holding an input digital signal, that 

holds for holding a spreading code as a reference code, and that performs for performing 
inverse spectrum conversion while calculating a correlation therebetween, to output received 
data; 

a base-band demodulation section that demodulates for demodulating t he 



received data; and 

a packet processing sectio n that performs for performing packet processing 

according to the received data; 

wherein an and characterized in that the i nput side of one of the correlation 

section and the base-band demodulation section is connected to the RF receiving section and 
the output side thereof is connected to the othe r of the correlation section and the base-band 
demodulation section; the 

wherein an output side thereof is connected to the packet processing section; 

and 

wherein t he correlation section includes a matched filter formed of thea 

nonrecursive digital filter according to Claimone of Claims l4e-4. 
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NONRECURSIVE DIGITAL FILTER AND 
RADIO RECEIVING UNIT USING THE SAME 



The present invention relates to nonrecursive digital filters using shift 
registers, such as matched filters, used for cell-synchronization capturing and 
demodulation-synchronization capturing in spread spectrum communication systems 
and CDMA communication systems, and radio receiving units using the nonrecursive 
digital filters. 




;a matched filter serving as a nonrecursive digital filter in a conventioi 




CDMA system, IxiiU^diuiluAid in Japanese Unexamined Patent Application 

^ fat**** *~ ^ 

Publication No. Hei-10-178386 hegjbC^inowtw 

In this conventional packet* to which spectrum spreading modulation has 

been applied by the use o^spj^drng Dodes are transmitted, they^are received by an 

antenna and demodulated by a receiving demodulation seafion, ^ne/eceived signal is 

spectrum-spreading-modulated by the use of the spreading codes, and the received 

signal is sent to a matched filter. This matched filter is formed of a shift register for 

receiving and shifting the received signal, having, for example, 64 bits; a register for 

setting a spreading-code sequence having the same number of bits as the shift register; 

a multiplier for multiplying the outputs of the shift register and the register bit by bit; 

and an adder for adding the output signals of the multiplier. The received signal is 

formed of packets and includes a preamble section and a data section. The received 

signal is sampled, for example, at the chip period of the spreading co^-arid is 

converted to digital values falling between -1.0 and +1.0 by A/D conversion. The 

shift register shifts the received signal at the chip period according to the sampling 
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period of the received signal. In general, to increase the precision of a correlated 
value, a structure is used in which the received signal is over-sampled, that is, 
sampled at a period shorter than the chip period of the spreading codes, and is A/D 
converted, and the shift register shifts the received signal according to the sampling 

Pen ° d * <;^JJ^^T >^U (^xi-^CVt^ 

In the conventional nonrecursive digital filter, however, since a shift register 
having the number of stages corresponding to the number of bits in the spreading-code 
sequence corresponding to the received signal is provided, and the received signal is 
sequentially shifted and stored in the shift register, when the spreading-code sequence 
has eight bits at a transmission rate of 1 .6 MHz, a chip frequency is 1 .6 x 8 = 12.8 
MHz and the shift register repeats switching at a high speed, resulting in \ hijgh power 
consumption. Since the nonrecursive digital filter uses a great part of^ower^ 
consumption during receiving in a base-band chip used for a portaBfepEone 
employing CDMA, a demand for reducing power cannoj^be jati^fiecL w hich is n n 




DiacluMuiuf Invention c ^ r x^^ \Wr^ p^Vti 

The present invention haifrjoon made in consideration of the uns ol ved issug of 
tho above con-vcntional-oaoo. .^An^opject-oflthe-present-invention-is to provide -a . ^ 
20 nonrecursive digital filter having * reduced power consumptfori axjd'a radioj^eeiving 
unit using the nonrecursive digital filter.^- — fl 

.Xo^achieve the foregoing objectr ^ ' nojgrj c ur sivo digital filter accorjling to 
Claim 1 isj pionrecursive digital fitter which has an n-stage shift register f**- X^*- 
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sequentially s^^^ptput data having a predetermined number n of bits and in which 
the output of e ach outpu t stage of the shift register is multiplied by a filter coefficient 
and added^haragtgriaPfi in thntifie n^tage shift register is divided into a plurality of 
shift r^f»ist* rg , flrt ^ MC h HuadrtTgfirrr register is time-divisionally driven in 
synchronization with the input data. 
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In-€lajgi4^ihce epth divided shift register performs a time-divisional shift 
operation in^yncrtfonization with the input data, high-speed switching of the shift 
registers is reduced and power saving is implemented by reducing the clock rate of a 
shift clock used when the shift register is formed of n^5tagesT"^*\ 

. A nonregw-civo digital - filtor aooording ' te Claim .3 is a nonrecursive digital 
filter which has an n-stage shift regi^er iS^r^^entially ^fiifttf^i^ut data having a 
predetermined number n of bits and in which the output of each output stage of the 
shift register is multiplied by a filter coefficient anrfadded, c faaraetcrizc e Hn tkat /Rg n- 
stage shift register is divided into first and second shirFregisters eacrThaving n/2 
stages, and one of the first and second shift registers performs a shift operation at a 
rising edge of a shift clopjrtjid the other performs a shift operation at a falling edge of 
the shift clock. 

( ^\r\C\ ^irjq.2>^ cff^ie n-stage shift register is divided into shift register^eaj;h 
having the half number of stages, one of them stores the odd-numbered parts of the 
spreading-code sequence and performs a shift operation at a rising edge of the shift 
clock, and the other stores the even-numbered parts of the spreading-^pde sequence 
and performs a shift operation at a falling edge of the shift (Jock* fijg/dock rate of a 
shift clock used when the shift register is formed of n stages can be halved to save 

AjiomootfSive digital Xillu atiuiCUiig tu Cioirnjj fr ajtionrecursive digital 

filter which has an n-stage shift register fiatf seguermally spifti^jynput data having a 

predetermined number n of bits andm which the output of each output stage of the 

shtffcregister is multiplied by-a^filter coefficient and ad3ed r asdft^iilter 

' ,vuAv£a5 ) V v 

aaraot e riaqd tfy oompriGing ifipst and second shift registers to which a spreading-code 

sequence is inputted and a shift clock is inputted, each having n/2 stagesobtained by 

dividing the n-stage shift register; a referericsrcode register fcff" stonsg-tt-feference 
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codes; first and 



n-stage shift register; a referericsrcode register f«f storgig. 
ind seconeL selection mgf(hsJ 5M^^e^r^atfi outptffirj%)h< 



ie odd-numbered 



stages and even-numbered stages of the reference-code register according to the shift 
lultipli^ioriTngSrHPfer muftiplytftgjKe output of each stage of the first 
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shiftjegister bjKhe output of the first selection ^e^G ^corid multiplicatio n mms 
~* ^iplymgJMe output of each stage of the second shift register by the output of 
the second selection m^ms^id6ojjelation-strength calculation n feans - fo raddhj^ ttfe 

— ^ / A*** ' 

multiplication results of the first multiplication^m^^jjifl the second m ultiplication 
/^me^^^^tput a correlation strengtht *ml Uii filtn ij further ohoraotoriaod in tha t pit 
st and second shift registers are confignredsuchrthatpeidier one-ofthem perfiSnnsa 



shift operation at a rising edge of the shift clock and the other performs a shift 
operation at a falling edge of the shift ciocky-aad ^ie)first and second selection me£as 
s^c^Hmgured such that, when the shiftSdteddtTlnan ON state^Sfi^br^ne of them 
outputs the even-numberejistages of the reference-code register to the first 
multiplication me^K^adrthe other .outputsthe odd-numberedstages to the second 



mul 



tlplication when the shift clock is in an OFF state, the oi&eivdne of 



tkeiifoutputs the odd-numbered stages of the reference-code register to the first A 
multiplication and the other/fnitputs the even-numbered stages to the second 

multiplirafiorwne^s 




«iaimJ^ffie-matched filter is provided, and for example, the first shift 



register sequentially shifts the odd-numbered parts of an input code sequence at rising 
edges of the shift clock, and the second shift register sequentially shifts the remaining 
parts, the even-numbered parts, of the code sequence at falling edges of the-srrift 
clock. When the shift clock is in an ON state, the first sele^on H*©4£kj>ujpufcs the 
even numbers of the reference-code register to the first multiplication ] 
second selection mec^oytputs'the odd-numbered stages of the reference-code 
register to the second multiplication naetfeSr^ntTwhen the shift clock is in an OFF 
state, the first selec^i^Tm^^^oulptrfs the odd-numbered stages of the reference-code 
register to the first multiplicatio^m^^^ndihe second selection mea^oulptrfs the 
even-numbered stages of the reference-code register to the second multiplication 
dTiaMS^JHierefore, the first and second multiplica^^nmfi^Sjiidtipfies the outpu 
each output stage of the first shift register by the output of the first selection ne^s at,. 



points of time slightly later than the points of time the shift clock rises #nd the points 
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of time the shift clock falls, and the results of multiplication are added by the 

correlation-strength calculation 
A nonrocurcivc 




tQj»«tput a correlation output. 
ivg digital filtrr nrrcorcHfig to Claim 4 ij a nonrecursive digital 
filter a v o iding l u WSla i m 3 oharaotcriflod in tha t the first and second selection mparts io 



formed of multiplexenreach disposed for two stages of the reference-code register and 



selecting the odd-numbered stages and even-numbered stages thereofjSie first and 
aansic foj 



second multiplication meansis formed of exclusive-OR c^n5uitsy ftftd^p* correlation- 
strength calculatio n rfteaf^ j^orjaaed^of an adder.- • 

"I n Claim 4^Q-pp^he first and second shift registers perform shift operations, 
since each multiplexer performs a switching operation to alternately select the odd- 
numbered stages and multiple stages of the reference-code register according to the 
ON or OFF state of the shift clock to output the reference code to the exclusive-OR 
circuits to which the output of each stage of the first and second shift registers are 



inputte^A^ correlation output of an eight-bit code sequence is obtained by four pulses 
of the shift clock. ._o eMr* fr*%N*^ 

^radio roooivi ng unit atf£ ordi^^ receiving unit that 

employs a CDMA method for performing operations including path synchronization 
holding, in response to a spread-spectrum-signal being received from a base station^" 

it is char ao ronged by e o mprimng : anRF receiving sequon ft£sdnv£ 
received signaTmto a~base^band"signal; a correlation setmon-^holdiHg^aj^input 
digital signal, fef noldi$ig-ff^preading code as a reference code, and ffcr perfonnjjjg' 



inverse spectrum conversion while calculating a cj; 



> output 



tation therebetweerj 

received data; and a base-band demodulation section fw-demodulatrng^the-feceived 



data£ and the - uuit i& fiulliu^ ^ Ee input side of one of the 

correlation section and the base-band demodulation section is connected to J 
receiving sectic^^d the output side thereof is connected to th^Aer^aad^e^ 
correlation section includes a matched filter formed of a nonreeuKrve^igital filter 



according to one<bf Claim s- 
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^ Im Claim -^ tfee^se-band signal output from the RF receiving section 
undergoes spectrum despreading in the correlation section to form received data and 
the received data is demodulated by the base-band demodulation section, or the base- 
band signal output from the RF receiving section is demodulated by the base-band 
demodulation section and undergoes spectrum despreading by the correlation sect^T^) 
✓^wherebvjSDMA data is received, and the correlation section includes a matched filter 

RhrigtO ' ono of Cloimc 1 to A . 



>we*.^*V.$o J — vW 

v A r a dio receiv i ng unit according to Claim 6 i s a radio receiving unit fsx ^ 



, formed of a nonrecursive digital filter aeeef 
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which directly performs spreading, in a radio-local-area network formed with another 
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radio communication te$ 
receiving sectior 
correlation section f4 
a reference code,(&id 



aaL*a»4 j 



^ . eivecT information data too a base-band signal; a 
r input digital signal, ftfr holdis^ ajspreading code as 

- ^ ^ 

verse spectrum conversion while calculating a 



correlation therebetween, to output received data; a base-band demodulation section 
Fdemodulat 



\ received data; and a packet processing section f^perforarifij 




packet processing according to the received dataj and Qil unit is fuitliu uhJidUu'LiWKi 
»^^j^mput side of one of the correlation.section and the base-band demodulation 




section is connected to the RF receiving sectijmjm^l the output side thereof is 
connected to the^ptherV^he j»utput side thereof is connected to the packet processing 




'elation section includes a matched filter formed of a nonrecursive 
\ filter according to one of Clauiu> 1 (u 'K 
^£iaini^Sie)base-band signal output from the RF receiving section 
undergoes spectrum despreading in the correlation section to form received data and 
the received data is demodulated by the base-band demodulation section, or the base- 
band signal output from the RF receiving section is demodulated by the base-band 
demodulation section and undergoes spectrum despreading by the correlation sect^efC^ 




received in the radio local-area ne 




►rrelation section 



7 F005665 

includes a matched filter formed of a nonrecursive digital filter according to 
Claima 1 X<54+ 

Biiif Du>uiptiuii uf thfi Pr n winjyr 

Fig. 1 is a block diagram of an embodiment in a casein which the present 
invention is applied to a CDMA communication system;Tig72 is a block diagramof a 
matched filter constituting a nonrecursive digital filter of the present invention? Fig. 3 
is a timing chart of the operations of the matched filteijjfcg. 4 is a block diagram of a^ 
modification of the embodiment shown in Fig. 1; artdHFig. 5 is a<v *3 W ahow mg^ L 
embodiment in a case in which the present invention is applied to a radio receiver for 
a radio local-area network. 

Rgfrt M^r fnr rntTjrvTtc-fhTtllir Tir"iilHrr 

Embodiments of the present invention will be described below by referring to 
the drawings. 

Fig. 1 is a general structural view showing a case in which the present 
invention is applied to a CDMA (code division multiple access) communication 
system. In a radio transmit^^)iata to be transmitted and a spreading code C(t) 
having a predetermined number of bits, n bits, generated by a code generator 1 are 
multiplied by a multiplier 2 to form spreading data; and the spreading data is 
converted to an analog signal by a D/A converter 3, is modulated by a modulation 
section 4, is amplified by a transmission amplifier 5, and is transmitted from a 
transmission antenna 6 

In a radio receiver ^D, ttie spreading data is received py a^ reviving antenna 




1 1 , is RF-amplified by anKF amplifier 12, is demodulated by a demodulatio n o e otion 
13, is converted to a digital signal by an A/D converter 14 to form despreading data; 
and the despreading data is inputted to a correlation section 19. In the correlation 
section 19, the despreading digital data output from the A/D converter 14 is sent to a 
matched filter 15 serving as a nonrecursive digital filter to obtain the sum of products 



F005665 



10 



(correlation output) with a despreading code C; the sum is sent to a peak detecting 
section 16 to obtain a synchronizatioh^capturing signal; the synchronization capturing 
signal is sent to a despreading-e&le generator 17 to generates despreading code C(t); 
and the despreading code^(t)^s~multi^^ data output from the 

A/D converter 14 in a multiplier Jff^reproduce received data which is the same as 
the transmitted data. 

As shown in Fig. 2, in the matched filter 1 5 } when the despreading data has 
eight bits, a first shift register 21 formed by connecting in series four D flip-flops 
DF1 1 to-DE14 &frjec^ivteg tj*e odd-numbered parts of the spreading code sequence 




1 5£r>Kffti&g jnem is connected in parallel to a second si 
connecting in series four D flip-flops DF21 to Dl 




egister 22 formed by 
ie even-numbered 



parts of the despreading data and for shifting them; and a reference-code register 23 
t^efeight-bit despreading code is provided. 
"*fhe reference-code register 23 is connected at one output side to four 
multiplexers MP1 1 to MP 14 constitu^n^*rst selection m«^^pd^is connected at the 
other output side to four multiplexers MP21 to MP24 constituttng^ee^id selection 





The outputs of the multiplexers MP1 1 to MP14 and those of the D flip-flops. 
DF1 1 to DF14 are inputted to exclusive-OR circuits EOl 1 to E014 constitutihgmKJt 
10 multiplier m3%srfne outputs of the multiplexers MP21 to MP24 and those of the D 
flip-flops DF21 to DF24 are inputted to exclusive-OR circuits E021 to E024 
constitutfagJsec^nd multir^iCTme^^^e^utput of each of the exclusive-OR circuits 
EOl 1 to E014 and E021 to E024 is input to an adder 25; the adder 25 adds the 
output of each of the exclusive-OR circuits EOll to E014 and E021 to E024 at 
15 points of time slightly later than a shift clock CK rises and falls to calculate a 

correlation strength; and the correlation strength is output to the peak detecting section 
16. 

The shift clock Cl^tving the period corresponding to two bits of the received 
da^T^ inputted to the first shift register 21 and to the second shift register 22. At a 



f 



V! 
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point of time the shift clock CK rises from an OFF state to an ON state, each of the D 
flip-flops DF1 1 to DF14 of the first shift register 21 performs a shift operation, and at 
a point of time the shift clock CK falls from an ON state to an OFF state, each of the 
D flip-flops DF21 to DF24 of the second shift register 22 performs a shift operation. 
5 The shift clock CK is also inputted to each of the multiplexers MP 1 1 to MP 1 4; 

and the multiplexers select the outputs of the even-numbered stages of the reference- 
code register 23 when the shift clock CK is in an ON state, and select the outputs of 
the odd-numbered stages of the reference-code register 23 when the shift clock CK is 
in an OFF state, to output them to the exclusive-OR circuits EOl 1 to E014. 
O 10 The shift clock CK is also inputted to each of the multiplexers MP21 to MP24; 

y5 and the multiplexers select the outputs of the odd-numbered stages of the reference- 

code register 23 when the shift clock CK is in an ON state, and select the outputs of 
the even-numbered stages of the reference-code register 23 when the shift clock CK is 
g in an OFF state, to output them to the exclusive-OR circuits E021 to E024. 

S* 15 An operation in the above embodiment will be described next by referring to 

the timing chart of Fig. 3 . 
!?? It is assumed that the radio transmittej^^ids transmission data D 1 and D2 

each formed of an eight-bit spreading code C(t) and indicating data of "1" or "0" as 
shown in Fig. 3(a), in the order of the rightmost bit Dl 1, D12, D13, ... to the receiving 
20 side. 

In the radio receive^)^Ke transmission data Dl and D2 is received by the 
receiving antenna 1 1, is RF-amplified by the RF amplifier 12, is demodulated by the 
demodul ation Doctkm ^, and is converted to digital data by the A/D converter 14 to 
form despreading data. Then, the despreading data is sent to the matched filter 15 in 
25 the correlation section 19, a correlation calculation with the despreading code C is 
performed by the matched filter 1 5, and a correlation strength output is output to the 
peak detecting section 16. 

The peak detecting section detects the maximum and minimum peaks of the 
correlation strength output to generate a synchronization capturing signal TS and 
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sends it to the despreading-code generator 17. The despreading-code generator 17 
generates a despreading-code sequence C(t) in synchronization with the 
synchronization capturing signal TS, and sends it to the multiplier 18, so that the 
multiplier 1 8 multiplies the despreading data by the despreading-code sequence C(t) 
to reproduce received data which is the same as the transmission data. 

In the matched filter 15, it is assumed that the reference-code register 23 stores 
reference codes of C8, C7, C6, C5, C4, C3, C2, and CI sequentially from the leftmost 
output stage, which have a value of "000 1 1 1 0 1 ," as shown in a second row at the 
right-hand side in each of the Fig. 3(c) to 3(k). When the despreading data shown in 
Fig. 3(a) is inputted in this state, the odd-numbered data Dl 1, D13, which is 
indicated by white numerals in black backgrounds, is sequentially stored in the first 
shift register 21 at points of time the shift clock CK shown in Fig. 3(b) and inputted in 
synchronization with the despreading data rises, and the even-numbered data D12, 
D14, ... is sequentially stored in the second shift register 22 at points of time the shift 
clock CK falls. 

The multiplexers MP1 1 to MP14 select the odd-numbered codes C7, C5, C3, 
and CI of the reference-code register 23, which have a value of "0111" when the shift 
clock CK is in an OFF state, and select the even-numbered codes C8, C6, C4, and C2 
of the reference-code register 23, which have a value of "0010" when the shift clock 
CK is in an ON state. In contrast, the multiplexers MP21 to MP24 select the even- 
numbered codes C8, C6, C4, and C2 of the reference-code register 23, which have a 
value of "0010" when the shift clock CK is in an OFF state, and select the odd- 
numbered codes C7, C5, C3, and CI of the reference-code register 23, which have a 
value of "01 1 1 " when the shift clock CK is in an ON state. 

Therefore, in a case in which the first eight-bit despreading data Dl of 
"0001 1101", shown in Fig. 3(a), is alternately inputted to the first shift register 21 and 
the second shift register 22 at both rising and falling edges of the shift clock CK; and 
odd-numbered data bits D15, D13, and Dll having a value of "111" are stored in the 
D flip-flops DF1 1, DF12, and DF13 of the first shift register 21, respectively, as 
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shown in Fig. 3(c), when the shift clock CK rises at a point tO of time as shown in Fig. 
3(b), the data of "1 1 1" which has been stored so far in the flip-flops DF1 1 to DF13 is 
shifted and stored in DF12 to DF14, and the last odd-numbered data D17 having a 
value of "0" is stored in the flip-flop DF1 1, whereby the D flip-flops DF11, DF12, 
DF13, and DF14 of the first shift register 21 store the odd-numbered data D17, D15, 
D13, and Dl 1 having a value of "01 1 1," as shown in Fig. 3(c). 

Next, in a case in which the first three even-numbered data bits D16, D14, and 
D12 having a value of "010" are stored in the D flip-flops DF21, DF22, and DF23 of 
the second shift register 22, when the shift clock CK falls at a point tl of time, the 
data of "010" which has been stored in the flip-flops DF21 to DF23 so far is shifted 
and stored in DF22 to DF24, and the last even-numbered data D18 having a value of 
"0" is stored in the flip-flop p£21, thereby the D^Kp-flops DF21, DF22, DF23, and 
DF24 of the second shift registe^^G^twrtHe^ven-numbered data D18, D16, D14, 
and D12 having a value of "0010," as shown in Fig. 3(c). 

At a point t2 of time slightly later than the point tl of time, since the shift 
clock CK is in an OFF state, theinultiplexers MP1 1, MP12, MP13, and MP14 serving 
as the first selectif^jHg^fiSelect the odd-numbered outputs of the reference-code 
register 23. Therefore, the multiplexers MP1 1 , MP 12, MP13, and MP14 output the 
odd-numbered codes C7, C5, C3, and CI of the reference code C, having a value of 
"01 11 H as shown in Fig. 3(c). In the same way, since the multiplexers MP21 , MP22, 
MP23, and MP24 serving as the second selection means select the even-numbered 
outputs of the reference-code register 23, the multiplexers MP21, MP22, MP23, and 
MP24 output the even-numbered codes C8, C6, C4, and C2 of the reference code C, 
having a value of "0010" as shown in Fig. 3(c). 

As a result, of the data stored in the first and second shift registers 21 and 22, 
the despreading data Dl will be stored in the order as shown in a first row at the right- 
hand side in Fig. 3(c), and the reference codes selected by the multiplexers MP1 1 to 
MP14 and MP21 to MP24 will be stored as shown in the second row at the right-hand 
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side in Fig. 3(c). This means that a shift operation will be performed that is equivalent 
to aconventional- operation in which eight D flip-flops are connected in series, 
o Therefore, since the input data of each of the exclusive-OR circuits EO 1 1 to 
E014 is the same, all the circuits output low-level data. In addition, since the input 
5 data of each of the other exclusive-OR circuits E021 to E024 is also the same, all the 
circuits output low-level data. Consequently, the correlation strength output 
calculated by the adder 25 has the minimum level, 0. This output is sent to the peak 
detecting section 16, and the peak detecting section 16 determines that it is the 
minimum peak value and sends a pulse-shaped synchronization capturing signal TS to 

□ 10 the despreading-code generator 1 7 to start outputting the despreading-code sequence 
C(t) to the multiplier 1 8. 

hj When the shift clock CK rises at a point t3 of time, first data D21 having a 

y3 value of "0" of the despreading data D2 following the despreading data Dl is stored in 

the D flip-flop DF1 1 of the first shift register 21 , as shown in Fig. 3(d). Therefore, the 

gj 15 data in the flip-flops DF1 1 to DF14 is shifted, and the stored data becomes "001 1." 

S Since the flip-flops DF21 to DF24 of the second shift register 22 do not perform a 

shift operation at this time, the previously stored data of "00 1 0" is maintained. 

At a point t4 of time slightly later than the point t3 of time, since the shift 
clock CK is in an ON state, the multiplexers MP1 1, MP12, MP13, and MP14 serving 
20 as the first selection means select the even-numbered outputs of the reference-code 
register 23, and the multiplexers MP1 1, MP12, MP13, and MP14 output the even- 
numbered codes C8, C6, C4, and C2 of the reference code C, having a value of "0010" 
as shown in Fig. 3(d). In contrast, the multiplexers MP21 , MP22, MP23, and MP24 
serving as the second selection mefrfSsoutputtjae odd-numbered codes C7, C5, C3, 
25 and CI of the reference code C, having a value of "0 1 11 " as shown in Fig. 3(d). 

As a result, as shown in a first row at the right-hand side of Fig. 3(d), the 
content of the first shift register is the even-numbered data obtained when a shift 
operation is performed in the same way as in the conventional case, and the content of 
the second shift register is the odd-numbered data, and the reference codes are 
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switched accordingly, thus a shift operation equivalent to that performed 
conventionally when eight D flip-flops are connected in series is performed. 

Therefore, the exclusive-OR circuits EOl 1 to E013 output low-level data, the 
exclusive-OR circuit E014 outputs high-level data, the exclusive-OR circuits E021 
and E023 output low-level data, and the exclusive-OR circuits E022 and E024 
output high-level data. Thus, the adder 25 outputs a correlation strength of "3" and 
the peak detecting section 16 determines that this output is not a peak value and stops 
outputting the synchronization capturing signal TS. 

Then, at a point of time when the shift clock CK falls as shown in Fig. 3(e), 
first even-numbered data D22 having a value of " 1 " of the despreading data D2 is 
stored in the second shift register 22. Therefore, the content of the shift register is 
updated to " 1 001 " by a shift operation. Since the first shift register 21 does not 
perform a shift operation at this time, it maintains "001 1" as shown in Fig. 3(e). The 
multiplexers MP1 1 to MP14 output the odd-numbered codes C7, C5, C3, and CI of 
the reference code C, having a value of "0111 " as shown in Fig. 3(e). The 
multiplexers MP21 to MP24 output the even-numbered codes C8, C6, C4, and C2 of 
the reference code C, having a value of "001 0" as shown in Fig. 3(e). Also in this 
case, as shown in a first row at the right-hand side in Fig. 3(e), a shift operation 
equivalent to an eight-stage shift operation is performed. 

Therefore, the exclusive-OR circuits EOl 1, E013, E014, and E022 output 
low-level data, and the remaining exclusive-OR circuits EOl 2, E021, E023, and 
E024 output high-level data, thus the adder 25 outputs a correlation strength of "4" to 
the peak detecting section 16, and the peak detecting section 16 determines that this 
output is not a peak value and continues the state in which the output of the 
synchronization capturing signal TS is being stopped. 

Then, at rising edges and falling edges of the shift clock CK, as shown in Fig. 
3(f) to Fig. 30") sequentially, odd-numbered data D23 of the despreading data D2 is 
stored in the first shift register 21, even-numbered data D24 is stored in the second 
shift register 22, odd-numbered data D25 is stored in the first register 21 , and even- 
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numbered data D26 is stored in the second shift register 22; correlation strengths of 
"5," "4," "3," "4," and "5" are output; and the peak detecting section 16 determines 
that the outputs are not peak values and continues the state in which the output of the 
synchronization capturing signal TS is being stopped. 

Then, as shown in Fig. 3(k), the last even-numbered data D28 having a value 
of "1 " of the despreading data D2 is stored in the flip-flop DF21 of the second shift 
register 22, the content thereof becomes "1101, and the first shift register 21 maintains 
its content of "1000." As a result, as shown in a first row at the right-hand side of Fig. 
3(k), the data stored in the first shift register 21 is the odd-numbered data obtained 
when an eight-stage shift register is used, and the data stored in the second shift 
register 22 is the even-number data. 

Immediately after this state, since the shift clock CK is in an OFF state, the 
multiplexers MP1 1 to MP 14 select the odd-numbered codes C7, C5, C3, and CI 
having a value of "0111 " of the reference code C stored in the reference-code register 
23, and the multiplexers MP21 to MP24 select the even-numbered codes C8, C6, C4, 
and C2 having a value of "0010" of the reference code C. Therefore, the exclusive- 
OR circuits EOl 1 to E014 and E021 to E024 all output high-level data. The adder 
25 outputs a correlation strength of "8" and sends it to the peak detecting section 16, 
and the peak detecting section 16 determines that it is the maximum peak value and 
outputs a pulse-shaped synchronization capturing signal TS. In response to this 
output, the despreading-code generator 17 outputs a despreading-code sequence C(t) 
again, and the multiplier 1 8 multiplies the sequence by the next despreading data D3 
to reproduce received data which is the same as the transmission data. 

As described above, according to the above embodiment, the shift register is 
divided into the first shift register 21 and the second shift register^XB^ch having the 
number of stages half the number of bits of the spreading code and the registers are 
connected in parallel; one of the registers performs a shift operation at rising edges of 
the shift clock CK and the other performs a shift operation at falling edges of the shift 
clock CK; the multiplexers MP 1 1 to MP 14 and MP21 to MP24 select the odd- 
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numbered and the even-numbered parts of the reference code stored in the reference- 
code register 23 according to the ON and OFF states of the shift clock CK; the output 
of each stage of each shift register and the outputs of the multiplexers MP1 1 to MP 14 
and MP21 to MP24 are sent to the exclusive-OR circuits EOl 1 to E014 and E021 to 
5 E024; when they do not match, a high-level output is obtained, and each output is 
added by the adder 25 to obtain a correlation-strength output; thus when eight-bit 
despreading data is reproduced, only four pulses of the shift clock CK are required 
and each bit passes through just four D flip-flops. Therefore, eight pulses and eight 
flip-flops through which each data passes, required when an eight-stage shift register 
y 10 is used as in the conventional case, are halved, the clock rate of the shift clock CK can 

r 

^ be reduced to its half, and a high power saving is implemented. In this case, although 

W the multiplexers MP1 1 to MP14 and MP21 to MP24 perform additional switching 

si 

*Q operations, since each reference code has only one bit, an advantage obtained when 

s the number of times the multiple-bit shift register switches is reduced is much greater 

58 15 than the disadvantage of the additional switching operations. Therefore, the power 

consumption of the entire radio receiv^t^jabing the matched filter 15 is reduced, and 
f~i= a built-in battery can be used for a longer period. 

In the above embodiment, the spreading code has eight bits. The number of 
bits the spreading code has is not limited to this case. The spreading code can have 
20 any number of bits. 

In the above embodiment, the reference code corresponding to the despreading 
data Dl is stored in the reference-code register 23. Data to be stored is not limited to 
this code. The reference code corresponding to the despreading code D2 may be 
stored. Despreading data may be manipulated such that the odd-numbered bits and 
25 even-numbered bits are switched to form a reference code. In this case, selections 
made by the multiplexers MP 1 1 to MP 14 and MP21 to MP24 according to the shift 
clock CK need to be made reverse to those performed in the above embodiment. The 
circuit struchjre may be configured such that two reference-code registers are provided 
fbf storfcig^he odd-numbered codes and the even-numbered codes of the reference 
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code corresponding to the despreading data Dl or D2; the two registers are selected by 
multiplexers; and the selected data is sent to the exclusive-OR circuits EOl 1 to E014 
and E021 toE024. 

The number of divisions made for a shift register is not limited to two. It may 
be set to any value, such as three or four. The number of bits to be selected in the 
output stages of the reference-code register 23 needs to be increased accordingly. 

In the above embodiment, a base-band signal output from the RF amplifier 12 
is demodulated by the demodulator 13, is converted to a digital signal by the A/D 
converter 14, and is sent to the correlation section 19 in the radio receiv^^^The 
O 10 circuit structure i^oflmiitfed to this structure. As shown in Fig. 4, a CDMA 

telephone receiver ^mayoe configured such that a base-band signal is amplified by 
the RF amplifier_12fis converted to a digital signal by the A/D converter 14, is sent to 
the correlation section 19 having the matched filter 15 shown in Fig. 2 to undergo 
spectrum despreading, is demodulated by a base-band demodulation section 21, and is 




sent to a processing circuit SST*"^ J 

* In the above embodiment, the present invention is applied to the matched 
filter. The application is not limited to this case. The present invention can also be 
applied a nonrecursive digital filter which has an n-stage shift register and in which 
the output of each output stage is multiplied by a filter coefficient and added. 
20 In the above embodiment, the present invention is applied to the CDMA 

communication system. The application is not limited to this case. As shown in Fig. 
5, the present invention can also be applied to a radio receiving unit 30 for a radio 
local-area network which employs a spread spectrum (SS) method, in which direct 
spreading (DS: direct sequence or direct spread) is performed. Specifically, the radio 
25 receiving unit 30 is configured so that a signal received by the antenna 1 1 is amplified 
by the RF amplifier 12, the amplified signal is converted to a digital signal by the A/D 
converter 14, and the digital signal undergoes spectrum despreading by the correlation 
section 19 having the matched filter 15 shown in Fig. 2, and is demodulated by a base- 
band demodulation section 3 1 , after which data is extracted from received packets by 
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a packet processing section 32 and is sent to a portable information terminal 33 that 
requires reduced ^power consumption; such as notebook computers, mobile devices or 



the like, andTEenradloreceiver 30 is further configured so that it receives the power it 
needs from the portable information terminal 33. Also in this case, since the matched 
filter 15 saves power in the correlation section 19, power saving of the entire radio 
receiving unit 30 is achieved, and a built-in battery of the portable information 
terminal 33 to which the radio receiving unit 30 is to be connected can be used for a 
longer period. The order of connections can be changed between the base-band 
demodulation section 31, and the A/D converter 14 and the correlation section 19. In 
addition, the present invention can further be applied to other radio receivers using a 
spreading code. 



I ndustrial Applic 



As described above, according to 




vided shift register 



performs a time-divisional shift operation in synchronization with the input data, it is 
possible to reduce the number of high-speed switching operations of the shift 
registers, *and when a shiflj£gisfer is configured in n stages it is possible to reduce 
power consumption by reducing-the~"clock rate of the shift clock. 

In addition, according to > ekfim-2- > the n-stage shift registeris_diyiiedinto shift 
registers each having the half number of stages, one of them stores the odd-numbered 
parts of the spreading-code sequence and performs a shift operation at a rising edge of 
the shift clock, and the other stores the even-numbered parts of the spreadiixg«=cQde 
sequence and performs a shift operation at a falling edge of the shift c^ 
advantage is obtained in which the clock rate of a shift clock used when the shift 
register is formed of n stages can be halved to save power. 

Further, accordmgjo Oaifrfe , the matched filter is^ rovidedf^id for example, 
the first shift register sequentially shifts the odd-numbered parts of an input code 
sequence at rising edges of the shift clock, and the second shift register sequentially 
shifts the remaining parts, the even-numbered parts, of the code sequence at Falling 
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edges of the-shift clock; when the shift clock is in an ON state, the first selection 

\ the even-numbered stages of the reference-c^de register to the first 
multiplication ««^^SSthe second selection(mea^^^rptlfs the odd-numbered stages 
of the reference-code register to the second multiplication xae^^^mdj^^n the shift 
clock is in an OFF state, the first selection! 
the reference^code register to the first multiplicat! 




*3~eoff5uts the odd^numbered stages of 
ation meafe syad-tfie second selection 



toered stages of the reference-code register4e-the second 
the outputs of both midtiplicati ^rflg^ s^e-adaed by adder 
i correlation-strength output. Therefore, an advantage is obtained in 
10 which the first shift register and the second shift register alternately perform shift 

operations at both edges of the shift clock to perform a shift operation equivalent to 
that performed when the shift register is undivided and used^and the clock rate can be 
halved to save power. ^JSaj^ Ajf 5 -^ \^^^**^~^ 

Furthermore, according to after thefir^ 

1 5 perform shift operations, since each multiplexer performs a switching operation to 
alternately select the odd-numbered stages and multiple stages of the reference-code 
register according to the ON or OFF state of the shift clock to output the reference 
code to the exclusive-OR circuits to which the output of each stage of the first and 
second shift registers are inputted, an advantage is obtained in which the correlation 
20 output of an eight-bit code sequence- is obtained by four pulses of the shift clocks — v 
Still further, according t^laim 5, the base-band signaUm^ 
receiving section undergoes spectrum despreading in the correlation section to form 
received data and the received data is demodulated by the base-band demodulation 
section, or the base-band signal output from the RF receiving section is demodulated 
25 by the base-band demodulation section and undergoes spectrum despreading by the 
correlation section, whereby data is received in a radio local-area network, and the 
correlation sectionjneludes a matched filter formecTt>£a nonrecursive digital filter 
according to one><£ gi rfmia 1 to 4. Therefore, an advantage is obtained in which the 
power of a base-band chip, which consumes power most in the radio communication 
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unit employing the CDMA method, can be saved, and a radio receiving unit suited to 
a portable information terminal which requires power saving, such as a mobile unit or 
a notebook personal computer, is provided, - i^. 

Yet further, according to ClaSrT s* the base-band signal output from the RF 
receiving section undergoes spectrum despreading in the correlation section to form 
received data and the received data is demodulated by the base-band demodulation 
section, or the base-band signal output from the RF receiving section is demodulated 
by the base-band demodulation section and undergoes spectrum despreading by the 
correlation sec^ on, v^ege% ^t^k received in the radio local-area netj ^ork^^ d^g) 
correlation section includes a matched filter formed of a nonrecursive digital filter 
according to on€Sof Claim 1 to *K Therefore, anadyantage*^ obtained in which the 



power of a base-band chip, which consumes power most in each radio receiving unit 
constituting the radio local-area network, can be saved, and the power of t he whole 
radio receiving units constituting the radio local-area network can be saved. 
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